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(57) ABSTRACT

An mtegrated circuit having a memory cell and/or memory
cell array including a plurality of memory cells (as well as
techniques for reading, controlling and/or operating, the
memory cell, and/or memory cell array). Each memory cell
includes at least one transistor having an electrically tloating
body transistor and an active access element. The electrically
tfloating body region of the transistor forms a storage area or
node of the memory cell wherein an electrical charge which 1s
representative of a data state 1s stored in the electrically tloat-
ing body region. The active access element 1s coupled to the
clectrically floating body transistor to facilitate programming
of the memory cell and to provide a relatively large amount of
majority carriers to the storage area or node of the memory
cell during a write operation. The memory cell and/or
memory cell array of the present inventions may be 1ncorpo-
rated 1 an integrated circuit device, for example, a logic
device (such as, for example, a microcontroller or micropro-
Cessor) or may comprise a portion ol a memory device (such
as, for example, a discrete memory).
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ELECTRICALLY FLOATING BODY
MEMORY CELL AND ARRAY, AND METHOD
OF OPERATING OR CONTROLLING SAMLEL

RELATED APPLICATION

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 60/751,503, entitled “Floating Body Memory
Cell and Array, and Method of Operating or Controlling
Same”, filed Dec. 19, 2005; the contents of the provisional
application are incorporated by reference herein i 1ts
entirety.

BACKGROUND

The mventions relate to a semiconductor memory cell,
array, architecture and device, and techniques for reading,
controlling and/or operating such cell and device; and more
particularly, 1n one aspect, to a semiconductor dynamic ran-
dom access memory (“DRAM?”) cell, array, architecture and/
or device wherein the memory cell includes an electrically
floating body 1n which an electrical charge 1s stored.

There 1s a continuing trend to employ and/or fabricate
advanced integrated circuits using techniques, materials and
devices that improve performance, reduce leakage current
and enhance overall scaling. Semiconductor-on-Insulator
(SOI) 1s a material in which such devices may be fabricated or
disposed on or in (heremaiter collectively “on™). Such
devices are known as SOI devices and include, for example,
partially depleted (PD), fully depleted (FD) devices, multiple
gate devices (for example, double or triple gate), and Fin-
FET.

One type of dynamic random access memory cell 1s based
on, among other things, the electrically floating body effect of
SOI transistors. (See, for example, U.S. Pat. No. 6,969,662,
incorporated herein by reference). In this regard, the dynamic
random access memory cell may consist of a PD or a FD SOI
transistor (or transistor formed 1n bulk material/substrate) on
having a channel, which 1s disposed adjacent to the body and
separated therefrom by a gate dielectric. The body region of
the transistor 1s electrically floating in view of the mnsulation
layer (or non-conductive region, for example, 1n a bulk-type
material/substrate) disposed beneath the body region. The
state of memory cell 1s determined by the concentration of
charge within the body region of the SOI transistor.

With reference to FIGS. 1A, 1B and 1C, 1n one exemplary
embodiment, semiconductor DRAM array 10 includes a plu-
rality of memory cells 12 each consisting of transistor 14
having gate 16, body region 18, which 1s electrically floating,
source region 20 and drain region 22. The gate 16 1s disposed
on a dielectric material above body region 18. The body
region 18 1s disposed between source region 20 and drain
region 22. Moreover, body region 18 1s disposed on or above
region 24, which may be an insulation region (for example, in
an SOI material/substrate) or non-conductive region (for
example, 1n a bulk-type material/substrate). The insulation or
non-conductive region 24 may be disposed on substrate 26.

Data 1s written 1nto or read from a selected memory cell by
applying suitable control signals to a selected word line(s) 28,
a selected source line(s) 30 and/or a selected bit line(s) 32. In
response, charge carriers are accumulated 1n or emitted and/
or ejected from electrically floating body region 18 wherein
the data states are defined by the amount of carriers within
clectrically floating body region 18. Notably, the entire con-
tents of the “662 patent, including, for example, the features,
attributes, architectures, configurations, materials, tech-
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2

niques and advantages described and illustrated therein, are
incorporated by reference herein.

As mentioned above, memory cell 12 of DRAM array 10
operates by accumulating in or emitting/ejecting majority
carriers (electrons or holes) 34 from body region 18 of, for
example, N-channel transistors. (See, FIGS. 2A and 2B). In
this regard, accumulating majority carriers (in this example,
“holes) 34 1n body region 18 of memory cells 12 via, for
example, 1impact 1onization near source region 20 and/or
drain region 22, is representative of a logic high or “1” data
state. (See, FIG. 2A). Emitting or ejecting majority carriers
30 from body region 18 via, for example, forward biasing the
source/body junction and/or the drain/body junction, 1s rep-
resentative of a logic low or “0” data state. (See, FIG. 2B).

Notably, for at least the purposes of this discussion, a logic
high or State “1”” corresponds to an increased concentration of
majority carriers i the body region relative to an unpro-
grammed device and/or a device that 1s programmed with a
logic low or State “0”. In contrast, a logic low or State “0”
corresponds to a reduced concentration ol majority carriers in
the body region relative to an unprogrammed device and/or a
device that 1s programmed with logic high or State “1”.

Conventional reading 1s performed by applying a small
drain bias and a gate bias above the transistor threshold volt-
age. The sensed drain current 1s determined by the charge
stored 1n the floating body giving a possibility to distinguish
between the states “1” and “0”. A floating body memory
device has two different current states corresponding to the
two different logical states: “1”” and “0”.

In one conventional technique, the memory cell 1s read by
applying a small bias to the drain of the transistor as well as a
gate bias which 1s above the threshold voltage of the transis-
tor. In this regard, in the context of memory cells employing
N-type transistors, a positive voltage 1s applied to one or more
word lines 28 to enable the reading of the memory cells
associated with such word lines. The amount of drain current
1s determined/atlected by the charge stored in the electrically
floating body region of the transistor. As such, conventional
reading techniques sense the amount of the channel current
provided/generated 1n response to the application of a prede-
termined voltage on the gate of the transistor of the memory
cell to determine the state of the memory cell; a floating body
memory cell may have two or more different current states
corresponding to two or more different logical states (for
example, two different current conditions/states correspond-
ing to the two different logical states: “1”” and *“07).

In short, conventional writing programming techniques for
memory cells having an N-channel type transistor oiten pro-
vide an excess of majority carriers by channel impact 1oniza-
tion (see, FIG. 3A) or by band-to-band tunneling (gate-in-
duced drain leakage “GIDL”) (see, FIG. 3B). The majority
carrier may be removed via drain side hole removal (see, FIG.
4A), source side hole removal (see, FIG. 4B), or drain and
source hole removal, for example, using the back gate pulsing,
(see, FIG. 4C).

The memory cell 12 having electrically floating body tran-
sistor 14 may be programmed/read using other techniques
including techniques that may, for example, provide lower
power consumption relative to conventional techmques. For
example, memory cell 12 may be programmed, read and/or
controlled using the techniques and circuitry described and
illustrated 1n U.S. Non-Provisional patent application Ser.
No. 11/509,188, filed on Aug. 24, 2006, and entitled
“Memory Cell and Memory Cell Array Having an Electri-
cally Floating Body Transistor, and Methods of Operating
Same” (hereinafter “the *188 application™), which 1s 1ncor-
porated by reference herein. In one aspect, the 188 applica-
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tion 1s directed to programming, reading and/or control meth-
ods which allow low power memory programming and
provide larger memory programming window (both relative
to at least the conventional programming techniques).

With reference to FIG. 5, 1n one exemplary embodiment,
the *188 application employs, writes or programs a logic “1”
or logic high using control signals (having predetermined
voltages, for example, Vg=0v, Vs=0v, and Vd=2.5v) which
are applied to gate 16, source region 20 and drain region 22
(respectively) of transistor 14 of memory cell 12. Such con-
trol signals induce or cause impact 1onization and/or the ava-
lanche multiplication phenomenon (FIG. 5). The predeter-
mined voltages of the control signals, 1n contrast to the
conventional method program or write logic “1” in the tran-
sistor of the memory cell via impact 1onization and/or ava-
lanche multiplication 1n the electrically floating body. In one
embodiment, 1t 1s preferred that the bipolar transistor current
responsible for impact 1onization and/or avalanche multipli-
cation 1n the floating body 1s mitiated and/or induced by a
control pulse which 1s applied to gate 16. Such a pulse may
induce the channel impact 1onization which increases the
floating body potential and turns on the bipolar current. An
advantage of the described method 1s that larger amount of the
excess majority carriers 1s generated compared to other tech-
niques.

Further, with reference to FIG. 6, when writing or program-
ming logic “0” in transistor 14 of memory cell 12, 1n one
embodiment of the > 188 application, the control signals (hav-
ing predetermined voltages (for example, Vg=1.5v, Vs=0v
and Vd=0v) are diflerent and, in at least one embodiment,
higher than a holding voltage (11 applicable)) are applied to
gate 16, source region 20 and drainregion 22 (respectively) of
transistor 14 of memory cell 12. Such control signals induce
or provide removal of majority carriers from the electrically
floating body of transistor 14. In one embodiment, the major-
ity carriers are removed, eliminated or ejected from body
region 18 through source region 20 and drain region 22. (See,
FIG. 6). In this embodiment, writing or programming
memory cell 12 with logic “0” may again consume lower
power relative to conventional techniques.

When memory cell 12 1s implemented 1n a memory cell
array configuration, 1t may be advantageous to implement a
“holding” operation for certain memory cells 12 when pro-
gramming one or more other memory cells 12 of the memory
cell array to enhance the data retention characteristics of such
certain memory cells 12. The transistor 14 of memory cell 12
may be placed 1n a “holding™ state via application of control
signals (having predetermined voltages) that are applied to
gate 16 and source region 20 and drain region 22 of transistor
14 of memory cell 12. In combination, such control signals
provide, cause and/or induce majority carrier accumulation in
an area that 1s close to the interface between gate dielectric 32
and electrically floating body region 18. (See, FI1G. 7). In this
embodiment, it may be preferable to apply a negative voltage
to gate 16 where transistor 14 1s an N-channel type transistor.

With reference to FIG. 8, in one embodiment of the 188
application, the data state of memory cell 12 may be read
and/or determined by applying control signals (having pre-
determined voltages, for example, Vg=-0.5v, Vs=2.5v and
Vd=0v) to gate 16 and source region 20 and drain region 22 of
transistor 14. Such signals, 1n combination, induce and/or
cause the bipolar transistor current 1n those memory cells 12
storing a logic state “1”. For those memory cells that are
programmed to a logic state “0”, such control signals do not
induce and/or cause a considerable, substantial or suificiently
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4

measurable bipolar transistor current in the cells programmed
to “0” state. (See, the 188 application, which, as noted above,
1s incorporated by reference).

As mentioned above, the reading may be performed using
positive voltages applied to word lines 28. As such, transistors
14 of device 10 are periodically pulsed between a positive
gate bias, which (1) drives majority carriers (holes for
N-channel transistors) away from the interface between gate
insulator 32 and body region 18 of transistor 14 and (2) causes
minority carriers (electrons for N-channel transistors) to flow
from source region 20 and drain region 22 imto a channel
formed below gate 16, and the negative gate bias, which
causes majority carriers (holes for N-channel transistors) to
accumulate 1n or near the interface between gate 16 and body
region 18 of transistor 14.

Notably, conventional programming techniques may
employ relatively high drain and/or gate bias voltages, which
may increase the power consumption of the memory cell.
Moreover, relatively high bias voltages may present device
scaling challenges due to the reduction in device features. The
proposed memory cell does not require any high voltages and
provides a low power and scalable memory.

SUMMARY OF THE INVENTIONS

There are many inventions described and illustrated herein.
The present inventions are neither limited to any single aspect
nor embodiment thereof, nor to any combinations and/or
permutations of such aspects and/or embodiments. Moreover,
cach of the aspects of the present mventions, and/or embodi-
ments thereol, may be employed alone or in combination with
one or more of the other aspects of the present inventions
and/or embodiments thereot. For the sake of brevity, many of
those permutations and combinations will not be discussed
separately herein.

In one aspect, the present inventions are directed to a semi-
conductor memory cell, memory cell array including a plu-
rality of memory cells. In another aspect, the present inven-
tions are directed to techniques for reading, controlling and/or
operating, the memory cell and/or memory cell array. Each
memory cell includes at least one transistor having an elec-
trically tloating body transistor and an active access element.
The electrically floating body region of the transistor forms a
storage area or node of the memory cell wherein an electrical
charge which 1s representative of a data state 1s stored 1n the
clectrically floating body region. The active access element 1s
coupled to the electrically tloating body transistor to facilitate
programming ol the memory cell and to provide a relatively
large amount of majority carriers to the storage area or node
of the memory cell during a write operation. The memory cell
and/or memory cell array of the present inventions may be
incorporated 1n an integrated circuit device, for example, a
logic device (such as, for example, a microcontroller or
miCroprocessor) or may comprise a portion of a memory
device (such as, for example, a discrete memory).

In another aspect, the present inventions are directed to an
integrated circuit, disposed in or on a semiconductor region or
layer which resides on or above a non-conducting region or
layer of a substrate (for example, a bulk-type substrate (for
example, silicon) or a semiconductor-on-insulator substrate),
the integrated circuit comprises a semiconductor memory cell
including (1) an active access element, electrically coupled to
the transistor, including a first access line or region, a second
access line or region, and a control node (for example, a
region), and (2) a transistor including: (1) a first semiconduc-
tor region including impurities to provide a first conductivity
type, (11) a second semiconductor region including impurities
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to provide the first conductivity type, and (111) a body region
disposed between the first region, the second region and the
non-conducting region or layer of the substrate, wherein the
body region 1s electrically tloating and includes impurities to
provide a second conductivity type wherein the second con-
ductivity type 1s different from the first conductivity type. The
transistor also includes a gate spaced apart from the body
region.

The memory cell includes a first data state which corre-
sponds to a first charge 1n the body region of the transistor of
the memory cell, and (11) a second data state which corre-
sponds to a second charge 1n the body region of the transistor
of the memory cell.

In an exemplary embodiment, the first access line 1s a
semiconductor region including impurities to provide the sec-
ond conductivity type. In another exemplary embodiment, the
first access line 1s a semiconductor region having a conduc-
tivity type which 1s different from the first conductivity type.
The second access line may be a semiconductor material (for
example, a doped semiconductor material) or metal material.

In an exemplary embodiment, the control node of the active
access element and the second semiconductor region of the
transistor are a common region. In another embodiment, the
active access element further includes a dielectric, disposed
between the first access line/region and the second access
line/region.

In another aspect, the present inventions are directed to an
integrated circuit, disposed i or on a semiconductor region or
layer which resides on or above a non-conducting region or
layer of a substrate (for example, a bulk-type substrate (for
example, silicon) or a semiconductor-on-insulator substrate),
the integrated circuit comprises a plurality of semiconductor
memory cells arranged 1n a matrix of rows and columns, each
semiconductor memory cell includes a transistor and an
active access element, wherein the transistor 1s electrically
coupled to the active access element. The active access ele-
ment includes a first access line or region, a second access line
or region and a control node (for example, a region). The
transistor icludes (1) a first semiconductor region including,
impurities to provide a first conductivity type, (1) a second
semiconductor region including impurities to provide the first
conductivity type, and (111) a body region disposed between
the first region, the second region and the non-conducting
region or layer of the substrate, wherein the body region 1s
clectrically floating and includes impurities to provide a sec-
ond conductivity type wherein the second conductivity type is
different from the first conductivity type. The transistor also
includes a gate spaced apart from the body region.

Each memory cell includes a first data state which corre-
sponds to a first charge 1n the body region of the transistor of
the memory cell, and (11) a second data state which corre-
sponds to a second charge in the body region of the transistor
of the memory cell.

In an exemplary embodiment, the first access line 1s a
semiconductor region including impurities to provide the sec-
ond conductivity type. In another exemplary embodiment, the
first access line 1s a semiconductor region having a conduc-
tivity type which 1s different from the first conductivity type.
The second access line may be a semiconductor material (for
example, a doped semiconductor material) or metal material.

In an exemplary embodiment, two adjacent memory cells
share an active access element; 1n another embodiment, two
adjacent memory cells share at least a portion of the first
access line or region of the associated active access element.

In an exemplary embodiment, the control node of the active
access element and the second semiconductor region of the
transistor are a common region. In another embodiment, the
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active access element further includes a dielectric, disposed
between the first access line and the second access line.

In another aspect, the present inventions are directed to an
integrated circuit device comprising a memory cell array
including a plurality of word lines, plurality of bit lines, a
plurality of first access lines, and a plurality of second access
lines. The integrated circuit further includes a plurality of
semiconductor memory cells arranged 1n a matrix of rows and
columns, each semiconductor memory cell includes a tran-
sistor and an active access element, wherein the transistor 1s
clectrically coupled to the active access element. The active
access element includes a first access region (electrically
coupled to the first access line), a second access region (elec-
trically coupled to the second access line) and a control node
(for example, a region). The transistor includes (1) a first
semiconductor region electrically coupled to an associated bit
line and including impurities to provide a first conductivity
type, (11) a second semiconductor region including impurities
to provide the first conductivity type, and (111) a body region
disposed between the first region, the second region and the
non-conducting region or layer of the substrate, wherein the
body region 1s electrically tloating and includes impurities to
provide a second conductivity type wherein the second con-
ductivity type 1s different from the first conductivity type. The
transistor also includes a gate electrically coupled to an asso-
ciated word line and spaced apart from the body region.

Each memory cell includes a first data state which corre-
sponds to a first charge 1n the body region of the transistor of
the memory cell, and (11) a second data state which corre-
sponds to a second charge 1n the body region of the transistor
of the memory cell.

In an exemplary embodiment, the first access line 1s a
semiconductor region including impurities to provide the sec-
ond conductivity type. In another exemplary embodiment, the
first access line 1s a semiconductor region having a conduc-
tivity type which 1s different from the first conductivity type.
The second access line may be a semiconductor material (for
example, a doped semiconductor material) or metal materal.

In an exemplary embodiment, two adjacent memory cells
share an active access element; in another embodiment, two
adjacent memory cells share at least a portion of the first
access line or region of the associated active access element.
Indeed, 1n another embodiment, the first semiconductor
region of the transistors of the two adjacent memory cells are
connected to the same bit line.

In an exemplary embodiment, the control node of the active
access element and the second semiconductor region of the
transistor are a common region. In another exemplary
embodiment, the active access element further includes a
dielectric, disposed between the first access line and the sec-
ond access line.

Again, there are many 1mventions, and aspects of the inven-
tions, described and illustrated herein. This Summary of the
Inventions 1s neither exhaustive of the scope of the present
inventions nor 1s it representative of the scope of the claims.
This Summary of the Inventions 1s not intended to be limiting
of the inventions and should not be interpreted 1n that manner.
While certain embodiments have been described and/or out-
lined 1n this Summary of the Inventions, 1t should be under-
stood that the present imventions are not limited to such
embodiments, description and/or outline, nor are the claims
limited 1n such a manner. Indeed, many other embodiments,
which may be different from and/or similar to, the embodi-
ments presented 1n this Summary, will be apparent from the
description, 1llustrations and claims, which follow. In addi-
tion, although various features, attributes and advantages
have been described 1n this Summary of the Inventions and/or
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are apparent 1n light thereot, it should be understood that such
features, attributes and advantages are not required whether
in one, some or all of the embodiments of the present mnven-
tions and, indeed, need not be present 1n any of the embodi-
ments of the present inventions.

BRIEF DESCRIPTION OF THE DRAWINGS

In the course of the detailed description to follow, reference
will be made to the attached drawings. These drawings show
different aspects of the present inventions and, where appro-
priate, reference numerals 1llustrating like structures, compo-
nents, materials and/or elements in different figures may be
labeled similarly. It 1s understood that various combinations
of the structures, components, materials and/or elements,
other than those specifically shown, are contemplated and are

within the scope of the present mnventions.

Moreover, as noted above, there are many inventions
described and illustrated herein. The present inventions are
neither limited to any single aspect nor embodiment thereof,
nor to any combinations and/or permutations of such aspects
and/or embodiments. Moreover, each of the aspects of the
present 1nventions, and/or embodiments thereol, may be
employed alone or 1n combination with one or more of the
other aspects of the present inventions and/or embodiments
thereol. For the sake of brevity, many of those permutations
and combinations will not be discussed separately herein.

FIG. 1A 1s a schematic representation of a prior art DRAM
array including a plurality of memory cells comprised of one
clectrically floating body transistor;

FIG. 1B 1s a three dimensional view of an exemplary prior
art memory cell comprised of one electrically floating body

transistor (PD-SOI NMOS);

FIG. 1C 1s a cross-sectional view of the prior art memory
cell of FIG. 1B, cross-sectioned along line C-C;

FIGS. 2A and 2B are exemplary schematic illustrations of
the charge relationship, for a given data state, of the floating,
body, source and drain regions of a prior art memory cell

comprised of one electrically floating body transistor (PD-
SOI NMOS);

FIGS. 3A and 3B are exemplary schematic and general
illustrations of conventional methods to program a memory
cell to logic state “1” (1.e., generate or provide an excess of
majority carrier in the electrically tfloating body of the tran-
s1stor (an N-type channel transistor in this exemplary embodi-
ment) of the memory cell of FIG. 1B; majority carriers in
these exemplary embodiments are generated or provided by

the channel electron impact 1onization (FIG. 3A) and by
GIDL or band to band tunneling (FIG. 3B);

FIGS. 4A-4C are exemplary schematics and general 1llus-
trations of conventional methods to program a memory cell to
logic state “0” (1.e., provide relatively fewer majority carrier
by removing majority carriers from the electrically floating,
body of the transistor of the memory cell of F1IG. 1B; majority
carriers may be removed through the drain region/terminal of
the transistor (FIG. 4A), the source region/terminal of the
transistor (FIG. 4B), and through both drain and source
regions/terminals of the transistor via using the back gate
pulses applied to the substrate/backside terminal of the tran-
sistor of the memory cell (FI1G. 4C);

FIG. 5 illustrates an exemplary schematic (and control

signal voltage relationship) of an exemplary embodiment of

an aspect of the 188 application of programming a memory
cell to logic state “1” by generating, storing and/or providing
an excess of majority carriers in the electrically tloating body
of the transistor of the memory cell;

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 6 illustrates an exemplary schematic (and control
signals) of an exemplary embodiment of an aspect of the *188
application of programming a memory cell to a logic state “0”
by generating, storing and/or providing relatively fewer
majority carriers (as compared to the number of majority
carriers 1n the electrically floating body of the memory cell
that 1s programmed to a logic state “1”) 1n the electrically
floating body of the transistor of the memory cell, wherein the
majority carriers are removed (write “0”) through both drain
and source terminals by applying a control signal (for
example, a programming pulse) to the gate of the transistor of
the memory cell;

FIG. 7 illustrates an exemplary schematic (and control
signals) of an exemplary embodiment of an aspect of the “188
application of holding or maintaining the data state of a
memory cell;

FIG. 8 illustrates an exemplary schematic (and control
signals) of an exemplary embodiment of an aspect of the “188
application of reading the data state of a memory cell by
sensing the amount of the current provided/generated 1in
response to an application of a predetermined voltage on the
gate of the transistor of the memory cell;

FIG. 9A 1s a cross-sectional schematic view of a memory
cell according to aspects of the present inventions wherein the
memory cell includes an active access element and transistor
having an electrically floating body;

FIGS. 9B and 9C are cross-sectional schematic views of
two adjacent memory cells according to aspects of the present
inventions wherein the active access element 1s shared
between the adjacent memory cells, wherein FIG. 9B 15 a
cross-sectional schematic view of two adjacent N-channel
type memory cells and FIG. 9C 1s a cross-sectional schematic
view of two adjacent P-channel type memory cells;

FIG. 101llustrates an exemplary layout of the memory cells
of FIGS. 9B and 9C, notably, access line 1 (AL1) and access
line 2 (AL2) may be formed from a semiconductor (for
example, monocrystalline or polycrystalline silicon (prefer-
ably doped), and/or a highly conductive material such as a
metal or metal-like material, for example, aluminum, copper,
or gold, and/or materials including aluminum, silver, tung-
sten, copper, and/or gold) according to at least one of the
embodiments of the present inventions;

FIG. 11A 1s a schematic representation of an equivalent
clectrically floating body memory cell (N-channel type)
including intrinsic bipolar transistors in addition to a MOS
transistor:;

FIG. 11B 1s a schematic representation of an equivalent
clectrically floating body memory cell (P-channel type)
including intrinsic bipolar transistors in addition to a MOS
transistor:;

FIG. 12 1illustrates exemplary timing relationships of
selected write control signals to (1) program or write a logic
state “1”” 1nto one or more N-channel type memory cells, (i1)
program or write logic state “0” into one or more N-channel
type memory cells, and (111) read one or more N-channel type
memory cells according to one embodiment of the present
imnventions;

FIGS. 13A and 13B are schematic block diagram 1llustra-
tions ol exemplary integrated circuit devices 1 which the
memory cell array (and certain peripheral circuitry) may be
implemented, according to certain aspects of the present
inventions; and

FIG. 14 1s a schematic block diagram of an embodiment of
an integrated circuit device including, among other things, a
memory cell array, data sense and write circuitry, memory
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cell selection and control circuitry, according to certain
aspects of the present inventions.

DETAILED DESCRIPTION

The present inventions describe a semiconductor memory
cell, memory cell array, and techniques for reading, control-
ling and/or operating, the memory cell, and/or array. Fach
memory cell includes at least one transistor having an elec-
trically floating body transistor and an active access element.
The electrically floating body region of the transistor forms a
storage area or node of the memory cell wherein an electrical
charge which 1s representative of a data state 1s stored 1n the
clectrically floating body region. The active access element 1s
coupled to the electrically tloating body transistor to facilitate
programming of the memory cell and to provide a relatively
large amount of majority carriers to the storage area or node
of the memory cell during a write operation. Notably, the
memory cell and/or memory cell array of the present inven-
tions may be mcorporated 1n an integrated circuit device, for
example, a logic device (such as, for example, a microcon-
troller or microprocessor) or may comprise a portion of a
memory device (such as, for example, a discrete memory).

With reference to FIG. 9A, 1n one exemplary embodiment,
the present inventions are directed to memory cell 12 having,
(1) electrically floating body transistor 14 to store a charge
which 1s representative of a data state of memory cell 12, and
(1) active access element 36 which facilitates programming
of memory cell 12 during a write operation. In this embodi-
ment, transistor 14 includes gate 16, body region 18, which 1s
clectrically floating, drain region 22 and control node 38. The
gate 16 1s disposed on a dielectric material above body region
18. The body region 18 1s disposed between drain region 22
and control node 38. Moreover, body region 18 1s disposed on
or above region 24, which may be an insulation region (for
example, 1n an SOI matenal/substrate) or non-conductive
region (for example, in a bulk-type material/substrate). The
insulation or non-conductive region 24 may be disposed on
substrate 26.

The gate 16 1s electrically coupled to word line 28, and
drain region 22 1s electrically coupled to bit line 32. Notably,
transistor 14 may be an N-channel or P-channel type of tran-
s1stor.

In one exemplary embodiment, the active access element
36 facilitates programming of memory cell 12. The active
access element 36 provides and/or ijects majority carriers
into electrically floating body region 18 of transistor 14 dur-
ing a write operation of memory cell 12. The active access
clement 36 includes access regions and/or lines ALL1 and AL2
(heremaftter collectively “access lines™). In addition, 1n this
embodiment, active access element 36 further includes a
dielectric material disposed between the first and second
access lines AL1 and AL2, respectively.

Moreover, 1n operation, active access element 36 further
includes control node 38. Notably, access line ALL1 may be an
N-type, a P-type or an intrinsic semiconductor region. The
access line AL2 may be a semiconductor region (for example,
monocrystalline or polycrystalline silicon, preferably doped)
and/or a highly conductive material such as a metal or metal-
like material, for example, aluminum, copper, or gold, and/or
materials including aluminum, copper, or gold.

In one exemplary embodiment, memory cell 12 includes an
N-channel type transistor 14 and active access element 36
having access line AL1 which 1s a P-type semiconductor
region. In another embodiment, memory cell 12 includes a
P-channel type transistor 14 and active access element 36
having access line ALL1 which 1s an N-type semiconductor
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region. In yet another exemplary embodiment, memory cell
12 may include an N-channel type or P-channel type transis-
tor 14 and active access element 36 having access line AL1
which 1s an 1ntrinsic semiconductor region.

Notably, with reference to FIGS. 9A and 10, 1n a memory
cell array configuration/environment, the access regions of
active access element 36 may be portions of access lines AL1
and AL2 which interact with the associated transistor 14.
Alternatively, access lines AL1 and AL2 may electrically
connect the access regions of active access element 36 (1n a
manner similar to a word line 28 connecting to a gate of a
transistor 16). As noted above, the access regions and/or lines
AL1 and AL2 of an active access element 36 are collectively
identified “access lines™ unless such aspect(s) of the active
access element are/is stated as an “access region”.

With reference to FIGS. 9A, 11A and 12, control signals
cach having a predetermined amplitude may be selectively
applied to memory cell 12 to write logic state “17, write logic
state “0”, and read the data state of memory cell 12. In par-
ticular, during a given memory operation, signals are applied
to (1) gate 16 and drain region 22 of electrically floating body
transistor 14 (via word line 18 and bit line 32, respectively),
and (11) access line ALL1 and access line AL2 of active access
clement 36 1n order to write a data in memory cell 12 or read
the data stored in memory cell 12. For example, 1n one exem-
plary embodiment to write logic state *“1” into memory cell 12
which includes an N-channel type transistor 14 and active
access element 36 having access line AL1 which 1s a P-type
semiconductor region, a control signal having a voltage of
+1.2V 1s applied to access line AL1 and a control signal
having a voltage of OV 1s applied to Access Line AL2. In this
way, the logic state written mto memory cell 12 may be
determined via application of suitable control signals to gate
16 (via word line 28) and drain region 22 (via bit line 32).

In particular, 1n this exemplary embodiment, a logic state
“1” may be programmed or written in memory cell 12 by
applying a voltage pulse of +1.2V to gate 16 of transistor 14
and OV to drain region 22 of transistor 14. Under these con-
ditions, a MOS transistor component of transistor 14 of
memory cell 12 1s “on” (or substantially “on”) and the voltage
of control node 38 i1s equal to (or substantially equal to) the
voltage applied to drain region 22 (via bit line 32). Moreover,
an intrinsic bipolar transistor 1 (BP1) 1s also “on” and the
majority carriers (in this example, holes) flow to electrically
floating body region 18 (the storage node of memory cell 12).
Notably, intrinsic bipolar transistor 1 1s formed by access
lines ALL1 and AL2 and control node 38.

Thereatter, the amplitude of the control signal applied to
gate 16 (via word line 28) 1s reduced to a “holding” condition
or value (1n this example, —-1.2V) and the amplitude of the
control signal applied to drain region 22 1s increased to a
“holding” condition or value (1n this example, +1.2V). In a
preferred embodiment, the amplitude of the control signal
applied to gate 16 1s reduced to a holding condition or value
(—1.2V) after the control signal applied to drain region 22 1s
increased to a holding condition or value (+1.2V). As such,
with reference to FIG. 12, the time interval At 1s greater than
ZEro.

Notably, the bit line control signal may be applied to drain
region 22 before the word line control signal 1s applied to gate
16, simultaneously thereto, or after the pulse 1s applied to gate
16 of transistor 14 of memory cell 12. It 1s preferred that the
pulse applied to drain region 22 (via bit line 32) includes an
amplitude which 1s suilicient to maintain a bipolar current to
program, write or store a logic state “1”” into memory cell 12.
As mentioned above, from a relative timing perspective, 1t 1s
preferred that the bit line control signal (which 1s applied to
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drain region 22) extend beyond when the control signal
applied to the word line (WL ) reduces or ceases, as 1llustrated

in FIG. 6.

With continued reference to FIGS. 9A, 11 A and 12, in this

exemplary embodiment, a control signal having a voltage of
+1.2V 1s again applied to access line ALL1 and a control signal
having a voltage of 0V 1s again applied to Access Line AL2.
As noted above, under these conditions, the logic state written
into memory cell 12 may be determined via application of
suitable control signals to gate 16 (via word line 28) and drain
region 22 (via bit line 32). As such, control signals having
predetermined amplitudes may be applied to memory cell 12
to write, program or store logic state “0” therein. In this
regard, the word line control signal applied to gate 16 of
transistor 14 1s raised to +1.2V and the bit line control signal
applied to drain region 22 1s +1.2V. Under these conditions,
the potential of storage area or node of memory cell 124
increases to a state whereby majority carriers are ejected,
removed and/or forced from electrically floating body region
18 (the storage area or node of memory cell 12) of transistor

14.

With reference to FIGS. 9A and 12, 1n one exemplary
embodiment, memory cell 12 may be placed or maintained 1n
a standby condition or state (or 1mn a “holding” condition or
state), by applying a positive voltage (for example, +1.2V) to
drain region 22 of transistor 14 and a negative voltage (for
example, —1.2V) to gate 16 (via word line 28). Under these
conditions, the data state of the memory cell 1s relatively
undisturbed during, for example, access of memory cells that
are adjacent and/or are connected to the same word line 28, bit
line 32, and/or access lines AL1 and AL2. Thus, the holding
condition or state may be applied or established to prevent,
minimize or avoid disturbance of the data state of, and/or the
charge contained in the storage area or node (electrically
floating body region of the transistor) in an “unselected”
memory cell.

With reference to FIGS.9A, 11A and 12, 1n one exemplary
embodiment, the data state of memory cell 12 may be read,
sensed, sampled and/or determined by applying control sig-
nals having predetermined amplitudes to gate 16 (via word
line 28) and drain region 22 (via bit line 32) of transistor 14.
In one exemplary embodiment, a read operation 1s 1mple-
mented by applying (1) a signal having a voltage that 1s higher
than the amplitude of the holding level (for example, -1.2V)
to gate 16 and (2) a signal having a voltage that 1s lower than
the amplitude of the holding level (for example, +1.2V) to
drain region 22. For example, memory cell 12 may be read by
applying OV to gate 16 and drain region 22 of transistor 14.
Under these conditions the bipolar transistor BP2 1s “on” or
substantially “on” in the event that memory cell 12 stores a
“1” data state and the bipolar transistor BP2 1s “off”” or sub-
stantially “ofl”” (relative to when memory cell 12 stores a *“1”
data state) 1n the event that memory cell 12a 1s 1 “0” data
state. In this regard, the current output by memory cell 12
varies depending on whether memory cell 12 stores a logic
state “1”” or state “0”. As discussed below, data sensing cir-
cuitry, including, for example, a current sense amplifier, may
be used to measure the current and to 1dentily the state of the
memory cell.

The illustrated/exemplary voltage levels to implement the
write and read operations are merely exemplary. The 1ndi-
cated voltage levels may be relative or absolute. Alternatively,
the voltages indicated may be relative 1n that each voltage
level, for example, may be increased or decreased by a given
voltage amount (for example, each voltage may be increased
or decreased by 0.25, 0.5, 1.0 and 2.0 volts) whether one or
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more of the voltages (for example, the source, drain or gate
voltages) become or are positive and negative.

As noted above, the present inventions may include a
memory cell array including a plurality of memory cells
wherein each memory cell includes (1) an electrically floating
body transistor to store a charge which 1s representative of a
data state of the memory cell, and (1) an active access ele-
ment. For example, with reference to FIGS. 9B and 9C, 1in one
exemplary embodiment, the present mmventions include a
memory cell, having electrically floating body transistor (an
N-channel type 1n the illustrative embodiment of FIG. 9B,
and a P-channel type 1n the illustrative embodiment of FIG.
9C) to store a charge which 1s representative of a data state of
the memory cell. The active access element 36 i1ncludes
access lines AL1 and AL2 to provide mput signals, as dis-
cussed above, into the memory cells to control, 1n conjunction
or combination with other control signals, the memory cells
(for example, the write operation (and the data state stored 1n
the memory cell) and the read operation). In this exemplary
embodiment, the access lines are shared between two adja-
cent memory cells.

Notably, with reference to FIG. 9C, in the context of con-
trolling a P-type transistor 14 and N-type active access ele-
ment 36, the polarity of the voltages of the control signals
discussed above 1n the context of FIG. 9A may be reversed.
However, the illustrated/exemplary voltage levels to imple-
ment the write and read operations are merely exemplary.
Alternatively, the voltages indicated may be relative in that
cach voltage level, for example, may be increased or
decreased by a given voltage amount (for example, each
voltage may be increased or decreased by 0.25, 0.5, 1.0 and
2.0 volts) whether one or more of the voltages (for example,
the source, drain or gate voltages) become or are positive and
negative.

An exemplary layout of the memory cells of FIGS. 9B and
9C 1s 1llustrated 1in FIG. 10. The layout of FIG. 10 1s a rela-
tively compact 1n that adjacent memory cells share an active
access element. All layouts, whether now known or later
developed, for implementing the present inventions are
intended to fall within the scope of the present inventions.

As mentioned above, the present inventions may be imple-
mented 1n any electrically floating body memory cell 12,
plurality of memory cells 12 and memory cell array. For
example, a plurality of memory cells 12 of the present mven-
tions may be implemented in a memory array having, for
example, a plurality of rows and columns (for example, 1n a
matrix form). The memory cells and memory cell array of the
present inventions may be implemented 1n an 1integrated cir-
cuit device having a memory portion and a logic portion (see,
for example, F1G. 13A), or an integrated circuit device that 1s
primarily a memory device (see, for example, FI1G. 13B). The
memory array may include a plurality of memory cells
arranged 1n a plurality of rows and columns wherein each
memory cell includes an electrically floating body transistor.
The memory arrays may be comprised of N-channel, P-chan-
nel and/or both types of transistors. Indeed, circuitry that 1s
peripheral to the memory array (for example, data sense cir-
cuitry (for example, sense amplifiers or comparators),
memory cell selection and control circuitry (for example,
word line and/or source line drivers), as well as row and
column address decoders) may include P-channel and/or
N-channel type transistors.

For example, with reference to FIG. 14, the integrated
circuit device may include array 10, having a plurality of
memory cells 12, data write and sense circuitry 40, and
memory cell selection and control circuitry 42. The data write
and sense circuitry 40 reads data from and writes data to
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selected memory cells 12. In one embodiment, data write and
sense circuitry 40 includes a plurality of data sense amplifiers.
Each data sense amplifier receives at least one bit line 32 and
an output of reference generator circuitry (for example, a
current or voltage reference signal).

The memory arrays may be comprised of an N-channel, a
P-channel and/or both types of transistors. Indeed, circuitry
that 1s peripheral to the memory array (for example, sense
amplifiers or comparators, row and column address decoders,
as well as line drivers (not 1llustrated herein)) may include
P-channel and/or N-channel type transistors. Where P-chan-
nel type transistors are employed as memory cells 12 1n the
memory array(s), suitable write and read voltages (for
example, negative voltages) are well known to those skilled 1n
the art 1n light of thus disclosure. Accordingly, for the sake of
brevity, these discussions will not be repeated.

Moreover, the memory cell(s), memory array and tech-
niques for operating (for example, reading, writing, restoring,
and refreshing) such memory cell(s) and/or arrays of the
present inventions may be employed 1n conjunction with any
architecture, layout, structure, control circuitry and/or con-
figuration employing such electrically floating body memory
cells (among other types of memory cells). For example, the
memory cell(s) and memory array of the present inventions
may be implemented in the architecture, layout, structure,
control circuitry and/or configuration described and 1llus-
trated in the following U.S. patent applications:

(1) U.S. Non-Provisional patent application Ser. No.
10/487,157, which was filed by Fazan et al. on Feb. 18, 2004
and entitled “Semiconductor Device” (now U.S. Pat. No.
7,061,050);

(2) U.S. Non-Provisional patent application Ser. No.
10/829,87°7, which was filed by Ferrant et al. on Apr. 22, 2004
and entitled “Semiconductor Memory Cell, Array, Architec-
ture and Device, and Method of Operating Same™ (now U.S.
Pat. No. 7,085,153);

(3) U.S. Non-Provisional patent application Ser. No.
11/096,970, which was filed by Ferrant et al. and entitled
“Semiconductor Memory Device and Method of Operating
Same” (now U.S. Pat. No. 7,085,156);

(4) U.S. Non-Provisional patent application Ser. No.
10/941,692, which was filed by Fazan et al. on Sep. 15, 2004
and entitled “Low Power Programming Technique for a One
Transistor SOI Memory Device & Asymmetrical Electrically
Floating Body Memory Device, and Method of Manufactur-
ing Same” (U.S. Patent Application Publication No. 20035/
0063224);

(5) U.S. Non-Provisional patent application Ser. No.
10/840,902, which was filed by Portmann et al. on May 7,
2004 and entitled “Retference Current Generator, and Method
of Programming, Adjusting and/or Operating Same™ (now
U.S. Pat. No. 6,912,150);

(6) U.S. Non-Provisional patent application Ser. No.
11/515,667, which was filed by Bauser on Sep. 5, 2006, and
entitled “Method and Circuitry to Generate a Reference Cur-
rent for Reading a Memory Cell, and Device Implementing
Same’’;

(7) U.S. Provisional Patent Application Ser. No. 60/790,
111, which was filed by Carman on Apr. 7, 2006, and entitled
“Memory Array Having a Programmable Word Length, and
Technique of Implementing Same™;

(8) U.S. Provisional Patent Application Ser. No. 60/792,
820, which was filed by Popoilf on Apr. 18, 2006, and entitled
“Semiconductor Memory Array Architecture, and Method of
Controlling Same”;

(9) U.S. Provisional Patent Application Ser. No. 60/796,
6’71, which was filed by Okhonin et al. on May 2, 2006, and
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entitled “Semiconductor Memory Cell and Array Using
Punch-Through to Program and Read Same”; and

(10) U.S. Provisional Patent Application Ser. No. 60/830,
084, which was filed by Fisch et al. on Jul. 11, 2006, entitled
“Integrated Circuit Having Memory Array Having a Seg-
mented Bit Line Architecture and Method of Controlling
and/or Operating Same”.

The entire contents of these ten (10) U.S. patent applica-
tions, including, for example, the inventions, features,
attributes, architectures, configurations, materials, tech-
niques and advantages described and 1illustrated therein, are
incorporated by reference herein. For the sake of brevity,
those discussions will not be repeated; rather those discus-
sions (text and 1llustrations), including the discussions relat-
ing to the memory cell, architecture, layout, structure, are
incorporated by reference herein 1n 1ts entirety.

Notably, the memory cells may be controlled (for example,
programmed or read) using any of the control circuitry
described and illustrated in the above-referenced ten (10)
U.S. patent applications. For the sake of brevity, those dis-
cussions will not be repeated and are incorporated herein by
reference. Indeed, all memory cell selection and control cir-
cuitry, and techniques for programming, reading, controlling
and/or operating memory cells including transistors having
strained electrically floating body regions, whether now
known or later developed, are intended to fall within the scope
ol the present inventions. Indeed, the data stored 1n or written
into memory cells 12 may be read using any circuitry and/or
technique (whether conventional or not), including those
described 1n the above-referenced ten (10) U.S. patent appli-
cations.

The data write and sense circuitry may include a sense
amplifier to read the data stored in memory cells 12. The sense
amplifier ({for example, a cross-coupled sense amplifier as
described and 1llustrated inthe (1) U.S. patent application Ser.

No. 11/299,590 ((U.S. Patent Application Publication No.
2006/0126374), which was filed by Waller and Carman, on
Dec. 12, 2005 and entitled “Sense Amplifier Circuitry and
Architecture to Write Data 1nto and/or Read from Memory
Cells”, and/or (2) U.S. patent application Ser. No. 10/840,
902, which was filed by Portmann et al. on May 7, 2004, and
entitled “Reference Current Generator, and Method of Pro-
gramming, Adjusting and/or Operating Same™, now U.S. Pat.
No. 6,912,150 (1dentified above), the applications are incor-
porated herein by reference 1n 1ts entirety ) may sense the data
state stored 1n memory cell 12 using voltage or current sens-
ing circuitry and/or techniques. In the context of a current
sense amplifier, the current sense amplifier may compare the
cell current to a reference current, for example, the current of
a reference cell (not illustrated). From that comparison, it
may be determined whether memory cell 12 contained a logic
high (relatively more majority carries 34 contained within
body region 18) or logic low data state (relatively less major-
ity carries 28 contained within body region 18). Such cir-
cuitry and configurations thereof are well known 1n the art.

The present inventions may employ the reference genera-
tion techniques (used 1n conjunction with the data sense cir-
cuitry for the read operation) U.S. Non-Provisional patent
application Ser. No. 11/513,667, which was filed by Bauser
on Sep. 5, 2006, and entitled “Method and Circuitry to Gen-
erate a Reference Current for Reading a Memory Cell, and
Device Implementing Same” (1dentified above). Indeed, the
present mnventions may also employ the read circuitry, archi-
tectures and techniques described and 1llustrated 1n U.S. Pat.
No. 6,912,150, identified above.

It should be further noted that while each memory cell 12 1n
the exemplary embodiments (described above) includes at



US 7,683,430 B2

15

least one transistor 14, memory cell 12 may include a differ-
ential transistor pair, as described and illustrated 1n applica-
tion Ser. No. 10/829,87°7, which was filed by Ferrant et al. on
Apr. 22, 2004 and entitled “Semiconductor Memory Cell,
Array, Architecture and Device, and Method of Operating
Same” (U.S. Patent Application Publication No. 2005/
0013163, now U.S. Pat. No. 7,085,153). As mentioned above,
any of the architectures, layouts, structures and/or configura-
tions, as well as the programming and reading operations
described and illustrated 1n application Ser. No. 10/829,877
may be employed i conjunction with the inventions
described and 1llustrated herein. For the sake of brevity, those
discussions will not be repeated; rather, they are incorporated
by reference herein.

The electrically floating memory cells, transistors and/or
memory array(s) may be fabricated using well known tech-
niques and/or matenals. Indeed, any fabrication technique
and/or material, whether now known or later developed, may
be employed to fabricate the electrically floating body
memory cells, transistors and/or memory array(s). For
example, the present inventions may employ silicon (whether
bulk-type or SOI), germanmium, silicon/germanium, gallium
arsenide or any other semiconductor material 1n which tran-
s1stors may be formed. Indeed, the electrically tloating tran-
s1stors, memory cells, and/or memory array(s) may employ
the techniques described and illustrated in (1) non-provi-
sional patent application entitled “Integrated Circuit Device,
and Method of Fabricating Same”, which was filed on Jul. 2,
2004, by Fazan, Ser. No. 10/884,481 and/or (2) non-provi-
sional patent application entitled “One Transistor Memory
Cell having a Strained Electrically Floating Body Region,
and Method of Operating Same”, which was filed on Oct. 12,
2006, and assigned Ser. No. 11/580,169, by Bassin (herein-
alter collectively “Integrated Circuit Device Patent Applica-
tions”). The entire contents of the Integrated Circuit Device
Patent Applications, including, for example, the inventions,
features, attributes, architectures, configurations, materials,
techniques and advantages described and illustrated therein,
are hereby incorporated by reference herein.

Indeed, memory array 10 (including SOI memory transis-
tors) may be tegrated with SOI logic transistors, as
described and illustrated in the Integrated Circuit Device
Patent Applications. For example, in one embodiment, an
integrated circuit device includes memory section (having,
for example, PD or FD SOI memory transistors 14) and logic
section (having, for example, high performance transistors,
such as FinFET, multiple gate transistors, and/or non-high
performance transistors (for example, single gate transistors
that do not possess the performance characteristics of high
performance transistors-not illustrated)). Again, the entire
contents of the Integrated Circuit Device Patent Applications,
including, for example, the inventions, features, attributes,
architectures, configurations, maternials, techniques and
advantages described and illustrated therein, are hereby
incorporated by reference.

Further, the memory arrays may be comprised of N-chan-
nel, P-channel and/or both types of transistors, as well as
partially depleted and/or fully depleted type transistors. For
example, circuitry that 1s peripheral to the memory array (for
example, sense amplifiers or comparators, row and column
address decoders, as well as line drivers (not 1illustrated
herein)) may 1nclude tully depleted type transistors (whether
P-channel and/or N-channel type). Alternatively, such cir-
cuitry may include partially depleted type transistors
(whether P-channel and/or N-channel type). There are many
techniques to integrate both partially depleted and/or fully
depleted type transistors on the same substrate (see, for
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example, U.S. Non-Provisional patent application Ser. No.
10/487,157, which was filed by Fazan et al. on Feb. 18, 2004
and entitled “Semiconductor Device” (U.S. Patent Applica-
tion Publication No. 2004/0238890). All such techniques,
whether now known or later developed, are intended to fall
within the scope of the present mnventions.

The electrically floating body transistor 14 may be a sym-
metrical or non-symmetrical device. Where transistor 14 1s
symmetrical, the source and drain regions are essentially
interchangeable. However, where transistor 14 1s a non-sym-
metrical device, the source or drain regions of transistor 14
have different electrical, physical, doping concentration and/
or doping profile characteristics. As such, the source or drain
regions of a non-symmetrical device are typically not inter-
changeable. This notwithstanding, the drain region of the
clectrically floating N-channel transistor of the memory cell
(whether the source and drain regions are interchangeable or
not) 1s that region of the transistor that 1s connected to the bit
line/sense amplifier.

There are many inventions described and illustrated herein.
While certain embodiments, features, attributes and advan-
tages of the inventions have been described and illustrated, 1t
should be understood that many others, as well as different
and/or similar embodiments, features, attributes and advan-
tages of the present inventions, are apparent from the descrip-
tion and 1illustrations. As such, the embodiments, features,
attributes and advantages of the mventions described and
illustrated herein are not exhaustive and 1t should be under-
stood that such other, similar, as well as different, embodi-
ments, features, attributes and advantages of the present
inventions are within the scope of the present inventions.

For example, as mentioned above, the illustrated/exem-
plary voltage levels to implement the read and write opera-
tions are merely exemplary. The indicated voltage levels may
be relative or absolute. Alternatively, the voltages indicated
may be relative in that each voltage level, for example, may be
increased or decreased by a given voltage amount (for
example, each voltage may be increased or decreased by 0.1,
0.15, 0.25, 0.5, 1 volt) whether one or more of the voltages
(for example, the source, drain or gate voltages) become or
are positive and negative.

As noted above, the access regions of active access element
36 may be portions of access lines AL1 and AL2 which
interact with the associated transistor 14 or the access regions
of active access element 36 may electrically connectto access
lines ALL1 and AL2 (1in a manner similar to a word line 28
connecting to a gate of a transistor 16). As noted above, the
access regions and/or lines AL1 and AL2 of an active access
clement 36 are collectively identified “access lines” unless
such aspect(s) of the active access element 1s/are stated as an
“access region’”, for example, as set forth in certain of the
claims.

The above embodiments of the iventions are merely
exemplary. They are not intended to be exhaustive or to limait
the mventions to the precise forms, techniques, materials
and/or configurations disclosed. Many modifications and
variations are possible 1n light of this disclosure. It 1s to be
understood that other embodiments may be utilized and
operational changes may be made without departing from the
scope of the present mventions. As such, the scope of the
inventions 1s not limited solely to the description above
because the description of the above embodiments has been
presented for the purposes of illustration and description.

The invention claimed 1s:

1. An mtegrated circuit, disposed 1n or on a semiconductor
region or layer which resides on or above a non-conducting
portion of a substrate, the integrated circuit comprising:
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a semiconductor memory cell including;:
a transistor including:

a first semiconductor region including impurities to
provide a first conductivity type;

a second semiconductor region including impurities
to provide the first conductivity type;

a body region disposed between the first semiconduc-
tor region, the second semiconductor region and
the non-conducting portion of the substrate,
wherein the body region 1s electrically floating and
includes impurities to provide a second conductiv-
ity type wherein the second conductivity type 1s
different from the first conductivity type;

a gate spaced apart from the body region; and

wherein the semiconductor memory cell stores (1) a
first data state which corresponds to a first charge 1n
the body region of the transistor of the memory cell,
and (2) a second data state which corresponds to a
second charge 1n the body region of the transistor of
the memory cell; and

an active access element, electrically coupled to the
transistor, including a first access line, a second access
line and a control node, wherein the control node of
the active access element and the second semiconduc-
tor region of the transistor are a common region.

2. The integrated circuit of claim 1 wherein the first access
line 1s a semiconductor region including impurities to provide
the second conductivity type.

3. The integrated circuit of claim 2 wherein the second
access line 1s comprised of a metal matenal.

4. The itegrated circuit of claim 2 wherein the second
access line 1s comprised of a semiconductor material.

5. The ntegrated circuit of claim 2 wherein the second
access line 1s comprised of a doped semiconductor material.

6. The integrated circuit of claim 1 wherein the active
access eclement further includes a dielectric, disposed
between the first access line and the second access line.

7. The integrated circuit of claim 1 wherein the integrated
circuit 1s disposed 1n or on a semiconductor-on-insulator sub-
strate.

8. The integrated circuit of claim 1 wherein the integrated
circuit 1s disposed 1n or on a bulk-type substrate.

9. The integrated circuit of claim 1 wherein the first access
line 1s a semiconductor region having a conductivity type
which 1s different from the first conductivity type.

10. The mtegrated circuit of claim 9 wherein the second
access line 1s comprised of a metal material or a semiconduc-
tor material.

11. The integrated circuit of claim 1 wherein:

an amount of charge of the first charge 1s greater than an
amount of charge of the second charge, and

in response to first write control signals applied to the
memory cell to write the first data state therein, the active
access element generates a first bipolar current which
substantially provides the first charge 1n the body region
of the transistor.

12. Anntegrated circuit, disposed 1in or on a semiconductor
region or layer which resides on or above a non-conducting
portion of a substrate, the integrated circuit comprising:

a plurality of semiconductor memory cells arranged 1n a
matrix of rows and columns, each semiconductor
memory cell includes a transistor and an active access
clement, wherein the transistor 1s electrically coupled to
the active access element, and wherein:

the transistor includes:

a first semiconductor region having impurities to pro-
vide a first conductivity type;
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a second semiconductor region having impurities to pro-
vide the first conductivity type;

a body region disposed between the first semiconductor
region, the second semiconductor region and the non-
conducting portion of the substrate, wherein the body
region 1s electrically floating and includes impurities
to provide a second conductivity type wherein the
second conductivity type 1s different from the first
conductivity type;

a gate spaced apart from the body region: and

wherein each semiconductor memory cell stores (1) a
first data state which corresponds to a first charge in
the body region of the transistor of the memory cell,
and (2) a second data state which corresponds to a
second charge 1n the body region of the transistor of
the memory cell; and

the active access element includes a first access line, a
second access line and a control node, wherein two
adjacent memory cells share an active access element.

13. The integrated circuit of claim 12 wherein the first
access line 1s comprised of a semiconductor region including
impurities to provide the second conductivity type.

14. The integrated circuit of claim 13 wherein the second
access line 1s comprised of a metal material or a semiconduc-
tor material.

15. The integrated circuit of claim 12 wherein the control
node of the active access element and the second semicon-
ductor region of the associated transistor are a common

region.

16. The integrated circuit of claim 12 wherein the active
access element further includes a dielectric, disposed
between the first access line and the second access line.

17. The integrated circuit of claim 12 wherein the inte-
grated circuit 1s disposed 1n or on a semiconductor-on-1nsu-
lator substrate.

18. The integrated circuit of claim 12 wherein the inte-
grated circuit 1s disposed 1n or on a bulk-type substrate.

19. The integrated circuit of claim 12 wherein the first
access line 1s comprised of a semiconductor region to provide
conductivity type which 1s different from the first conductiv-
ity type.

20. The mtegrated circuit of claim 19 wherein the second

access line 1s comprised of a metal material or a semiconduc-
tor material.

21. The integrated circuit of claim 12 wherein:

an amount of charge corresponding to the first charge 1s
greater than an amount of charge corresponding to the
second charge, and

in response to first write control signals applied to a
selected memory cell of the plurality of memory cells,
the active access element of the selected memory cell
generates a first bipolar current which substantially pro-

vides the first charge in the body region of the transistor
of the selected memory cell.

22. An integrated circuit device comprising:
a memory cell array including a:

plurality of word lines;

plurality of bit lines;

a plurality of first access lines;

a plurality of second access lines; and

a plurality of semiconductor memory cells arranged 1n a
matrix of rows and columns, each semiconductor
memory cell includes a transistor and an active access
clement, wherein the transistor 1s electrically coupled to
the active access element, and wherein:
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the transistor includes:

a first semiconductor region, electrically coupled to an
associated bit line, having impurities to provide a first
conductivity type;

a second semiconductor region having impurities to pro-
vide the first conductivity type;

a body region disposed between the first semiconductor
region, the second semiconductor region and a non-
conducting portion of the substrate, wherein the body
region 1s electrically floating and includes impurities
to provide a second conductivity type wherein the
second conductivity type 1s different from the first
conductivity type;

a gate, which 1s electrically coupled to an associated
word line and spaced apart from the body region; and

wherein each semiconductor memory cell stores (1) a
first data state which corresponds to a first charge 1n
the body region of the transistor of the memory cell,
and (2) a second data state which corresponds to a
second charge 1n the body region of the transistor of
the memory cell; and

the active access element includes a first access region

clectrically coupled to an associated first access line, a

second access region electrically coupled to an associ-

ated second access line, and a control node.

23. The itegrated circuit of claim 22 wherein the first
access region 1s a semiconductor region including impurities
to provide the second conductivity type.

24. The integrated circuit of claim 23 wherein the second
access region 1s comprised of a metal material or a semicon-
ductor matenal.

25. The integrated circuit of claim 22 wherein the control
node of the active access element and the second semicon-
ductor region of the associated transistor are a common
region.

26. The integrated circuit of claim 22 wherein two adjacent
memory cells share an active access element.

277. The integrated circuit of claim 22 wherein two adjacent
memory cells share at least a portion of the first access region
ol the associated active access element.

28. The itegrated circuit of claim 27 wherein the first
semiconductor region of the transistors of the two adjacent
memory cells are connected to the same bit line.

29. The integrated circuit of claim 22 wherein the active
access eclement further includes a dielectric, disposed
between the first access region and the second access region.

30. The integrated circuit of claim 22 wherein the inte-
grated circuit 1s disposed (1) 1n or on a semiconductor-on-
insulator substrate or (i1) in or on a bulk-type substrate.

31. The integrated circuit of claim 22 wherein the first
access region1s a sesmiconductor region having a conductivity
type which 1s different from the first conductivity type.

32. The mtegrated circuit of claim 31 wherein the second
access region 1s comprised of a metal material or a semicon-
ductor material.
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33. The integrated circuit of claim 22 wherein:

an amount of charge corresponding to the first charge 1s
greater than an amount of charge corresponding to the
second charge, and

in response to first write control signals applied to a
selected memory cell of the plurality of memory cells,
the active access element of the selected memory cell
generates a {irst bipolar current which substantially pro-
vides the first charge in the body region of the transistor
of the selected memory cell.

34. Anintegrated circuit, disposed in or on a semiconductor
region or layer which resides on or above a non-conducting
portion of a substrate, the integrated circuit comprising:

a plurality of semiconductor memory cells arranged 1n a
matrix of rows and columns, each semiconductor
memory cell includes a transistor and an active access
clement, wherein the transistor 1s electrically coupled to
the active access element, and wherein:

the transistor includes:

a first semiconductor region having impurities to pro-
vide a first conductivity type;

a second semiconductor region having impurities to pro-
vide the first conductivity type;

a body region disposed between the first semiconductor
region, the second semiconductor region and the non-
conducting portion of the substrate, wherein the body
region 1s electrically floating and includes impurities
to provide a second conductivity type wherein the
second conductivity type 1s different from the first
conductivity type;

a gate spaced apart from the body region; and

wherein each semiconductor memory cell stores (1) a
first data state which corresponds to a first charge 1n
the body region of the transistor of the memory cell,
and (2) a second data state which corresponds to a
second charge 1n the body region of the transistor of
the memory cell; and

the active access element includes a first access line, a
second access line and a control node, wherein two
adjacent memory cells share at least a portion of the first
access line of the associated active access element.

35. The integrated circuit of claim 34 wherein:

an amount of charge corresponding to the first charge 1s
greater than an amount of charge corresponding to the
second charge, and

in response to first write control signals applied to a
selected memory cell of the plurality of memory cells,
the active access element of the selected memory cell
generates a first bipolar current which substantially pro-
vides the first charge In the body region of the transistor
of the selected memory cell.
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